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In the context of the current education reform imp&a New Guinea which strongly

encourages the use of both Indigenous knowledgedbsgstems and local vernaculars in
teaching various school subjects in elementary@idary schools, the research reported
here is the first of an on-going longitudinal resbaproject carried out to determine the
long-term effects of teaching early arithmetic stgies using the Kate counting system
The sample consisted of 52 elementary school d@nildaged between 8 and 10 years
attending Elementary 1 class from 3 different eletaey schools The elementary school
children’s performances on 7 different numericalkg&awere obtained via an individual-

task-based interview Contrary to the negative viehd by many parents in Papua New
Guinea, the results show that the use of countingaaithmetic strategies embedded in the
children’s own traditional counting systems is atded advantage in their learning of
formal English arithmetic strategies normally tavighschools

Most of the past mathematics curricula for the pmyraged school children in Papua
New Guinea (PNG) have been based on an analysie afteps provided by the structure
of mathematics that has its roots in Western cognfsychology (Park, 2000; Saxe, 1982;
1983; Souviney, 1983) and is interpreted accordimgWestern, mainly Australian,
curriculum models (Bishop, 1991a; 1991b; Matan®g)9

Recent developments in mathematics curriculum mefon PNG seem to have
emphasised more the role of children’s thinking tireir learning of mathematics,
proposing a mathematics curriculum that takes actmount children’s own development of
number concepts based on a social constructivestryhof learning (Berk, 1994; Lerman,
1989; Wheatley, 1991) While many of these curtioulreforms were aimed at pursuing
improvements to both teaching and learning of mmatites in schools, they have,
however, often ignored the socio-cultural aspedtsmathematics education These
concerns have been raised by a number of mathemedigcators (e g Bishop, 2004;
1991b; Brown, Collins, & Duguid, 1989; D’Ambrosi®991; Matang, 1996) particularly
for those children whose home and family culturesdt fully resemble the culture of the
formal “western-style” education system thus cdmitting further to their learning
difficulties in school mathematics (Matang & OweB604; Seah & Bishop, 2001)

In the light of the above concerns there has beew little research carried out on the
impact of culture and language on the teaching laacthing of school mathematics in
Papua New Guinea in the last 15 years since thly essearch work carried out on
language and mathematics (Clarkson ,1992; Leamé&Hes & Del Campo, 1990), culture
and numerical cognition (Lancy, 1983; Saxe, 19818211985; Souviney, 1983) While
the traditional numeration systems of PNG have Weearded (Lean, 1992; Smith, 1980;
1981) and the elementary school curricula emphasisculture and mathematics has
recently been developed (PNGDoE, 2002; 2003), dtdyaide’s (2002) research has
attempted an evaluation of the Lower Primary leggrunder the new curriculum reform
There is an urgent need to combine the resultdl of the above mentioned early research
work to properly inform everybody concerned withtheamatics education and at the same
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time conducting further research work on the impaicusing the existing Indigenous
cultural practices of mathematics or ethnomatheragBishop, 2004; 1991a; D’Ambrosio,
1991, 1990) in teaching school mathematics Thygaigicularly urgent at this time when
the mathematics curriculum reform is being impletadr(Matang, 1996; 2002; Matang &
Owens, 2004)

The current education reform strongly encouragesuge of Indigenous knowledge
and various local vernaculars in teaching the piesd school subjects based on the
rationale that learning is more meaningful and ati¥e if teaching begins from the more
familiar learning situations using the learner’'srolanguage (Bell, 1990; Clarkson, 1992;
Paraide, 2002) While such a policy move is timahyl is also supported by a number of
research literatures in mathematics education (8eyk, 1994; Bishop, 1991a; 1991b;
Browns, Collins and Duguid, 1989), many parentBapua New Guinea on the other hand
have displayed strong reservations and even negatews regarding the use of local
vernaculars as a medium of instruction in elemgndéahools claiming that it is one of the
main factors responsible for lowering the standdrelducation in PNG

Hence in order to address the above claim by psréme research reported here was
purposely conducted to answer the main researcstique“Does the use of both the Kate
language and its counting system in teaching eadgnber knowledge enhance the
learning of formal English arithmetic strategiesmally taught in schools?” The analysed
research data will also be used to address otldagogical issues related to children’s
difficulties in learning school mathematics andistsshe development of appropriate
mathematics curriculum and teaching materialsdahatulturally relevant and inclusive

Linking the Kate Language, Its Counting System tiredTeaching of Early
Number Strategies

According to Lean (1992), the Kate language, alsown in the early literature as
‘Kai’, is a Papuan or NAN language which has ackeeonsiderable prominence in the
Morobe Province as a lingua franca used by thedratin Church to carry out its Mission
work extending as far as the five highlands proesof Eastern Highlands, Simbu,
Western Highlands, Enga and Southern Highlands,pandof Madang Province Hence,
Renck (cited in Lean, 1992) indicated at the tinfehis writing that there were an
estimated 75,000 people with an active knowledgéheflanguage and a further 40,000
with a passive knowledge of it While the languégaow spoken mostly by the majority
of the older generation throughout the Morobe Rroj the home of the Kate language is
comprised of 8 core-Kate villages that surround dheent Sattelberg Lutheran Mission
station in Finschhafen District

The earliest studies of the Kate language were Il®yl K1895) and Keysser (1925)
who was the author of the first Kate-German-Englisbtionary which was extensively
revised by Dr Willy Frierl and Dr Hermann Straussulting in the first publication of the
Kate-English Dictionary in 1977 (Frierl & Straus$977) Along with other Non-
Austronesian languages of PNG, the Kate languagj®oisght to be at least 20 000 years
old (Lean, 1992)

Tylor of the University of Oxford wrote in 1871 thihe practice of counting on fingers
and toes lies at the foundation of our arithmetscaénce (in Lean, 1992) Hence, the Kate
counting system is classified as a digit-tally egst(Lean, 1992) such that its counting
structure includes the use of Kate counting woaoitshinds and feet, and both fingers and
toes to symbolise counting words physically Thiie overall structure of the Kate
counting system is a combination of the variantsaih the “pair system” and the “quinary
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vigesimal” system It is made up of the frame patteumerals (1,2,5,20) and cyclic
pattern (2,5,20) having 2 as its primary cycleh® $secondary cycle and 20 a tertiary cycle
(Schmidt in Lean, 1992) Hence as shown in Tablanlanalysis of the Kate counting
number words reveals that each number word is gpoand of 2 or 3 single equivalent
number words chosen from the set of frame pattamber words for 1, 2, 5, and 20 so
that for example, 3 is a compound of equivalenelatmber words for “two” and “one”, 8
is a compound of “five”, “two” and “one”, 24 is @mpound of “twenty”, “two” and “two”
and so on Thus, when this number combination i@gs used, the resulting operative
patterns in Kate are illustrated by 3=2+1, 8=5+{22%1=20+(2+2) and so on

Table 1
Relationship between English (Hindu-Arabic) ande&<@Bumeration Systems
English English number Equivalent Kate number Kate operative pattern for

numeral in word word each counting number
figures words
1 One moc 1
2 Two jajahec 2
3 Three Jahec-a-moc 3=2+1
4 Four Jahec-a-jahec 4=242
5 Five Me-moc 5
8 Eight Me-moc a jahec-a-moc 8=5+(2+1)
13 Thirteen Me-jajahec a jahec-a-moc 13=10+(2+1)
15 Fifteen Me-jajahec & kike-moc 15=10+5 or 15=%-5+
20 Twenty Dic-moc (ngi moc) 20 (or 20=4x5)
23 Twenty-three  Dic-moc & jahec-a-moc 23=20 +(2+1)

Furthermore, from Table 1 it can be noted that kenlihe disjoint nature of the
individual number relationships found within the dgish (Hindu-Arabic) numeration
system, the counting structure of the Kate numamaglystem is such that the use of each
number word automatically provides the importanmber relationships between the
individual counting numbers in terms of their oradroccurrence in any counting tasks
For example, the Kate number word for 8nse-moc a jahec-a-moctranslated into its
operative pattern is 8=5+(2+1) hence apart from hemjzing the relative sizes of the
counting numbers 8, 5, 2 and 1, it also reinfortt®ee important mathematical concepts
associated with the operation of elementary additi@hese are firstly theoncept of
additionas an operation quantifying the counting number, &nd 1, observing 8 as the
resulting sumrepresenting the total quantity of all the adden8scondly, theorder of
operation whereby the operation inside the grouping symio)’*indicates that this
operation has been performed first In everydayting tasks, when one counts up to 8 in
Kate, the emphasis is placed on the counting assmes namely, “me-moc” and “jahec-a-
moc” where the connecting letter “a4” represents ittea of a plus sign (+) used in the
English (Hindu-Arabic) system Thirdly, the idea ®fas a composite unit upon which
numbers between 5 and 20 are built, likewise forvéich is a composite unit for every
Kéate numeral beyond 20

From the teaching point of view, all of the abovatihematical concepts are important
prerequisites to learning the formal number operati of addition and subtraction
normally taught in schools Hence they provide d@lemportant linkages between the
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Kate numeration system and the teaching of the fmasic operations of addition,
subtraction, multiplication and division (Matand)(2; Matang and Owens, 2004; Park,
2000) Furthermore, the Kate numeration system diaée care of the idea of
multiplication if taken either as a “repeated aiddlit or as a “grouping” operation On the
other hand, the division operation can be very cotably treated as representing the idea
of grouping as expressed in repeated composits (g 15 = 5+5+5) or as an operation
representing the idea of “sharing equally” Shaiggn activity that is always considered
to be very important as an integral part of theéural heritage and the value system of the
Kate people Hence it is considered as anti-Katetmeshare what an individual owns
especially with those who are in need The idedegjual sharing” is also culturally
significant in the sense that when material goods shared equally during special
ceremonies it signifies equality of status thatimaividual person has within the Kate
hierarchy In terms of mathematics teaching, theaidf equality of any two sets is
significant in the language of set theory for exéanjn the case of repeated composite
units of 5+5+5 = 15 where each of the three contpasiits of 5 are all equal at the same
time their sum is ‘equal’ to 15

If these links have been intuitively or formally deaby the students, then students who
learn basic counting strategies in Kate shouldgoerfas well as or better than Kate-
speaking students who have begun their schoolinfokPisin (the widespread lingua
franca used in PNG, Pidgin-English) or English

Method
Participants

The research reported here involved a total of Bifdien, aged between 8 and 10
years, attending Elementary 1 (E1) class from 8whfit Elementary Schools within the
Kate-speaking language area of Finschhafen Disinidlorobe Province, Papua New
Guinea The total number of participants represktite total number of children in each
El class These are School A (N=17) and School-BL . where all classroom teaching is
conducted in the Kate language, whereas School=A&Nis located at a Mission station
and all its classroom teaching is conducted mamijok-Pisin and some English although
90% of the children are native Kate-speakers Emeaming 10% is made up of children
whose parents work for the Lutheran Mission hawnginally come from other parts of
the country including those children born into fhes having parents who come from at
least two different language groups All three stb@re located within a maximum radius
of about 1-hour walking distances of the childremines Unlike Schools A and C which
are both located along the coast with easy accefiset provincial road network system,
School B is located further inland accessible dnyabout 4-5 hours of walking distance
from the main road junction where School A is lecatHence the children do not have
that much exposure to everyday interactions witbpfee from other parts of the country
including the basic government services comparetthdee children attending Schools A
and C Schools A and B are located right in thathefathe Kate-speaking language area
but in two different villages hence all classroosadhing is conducted in the Kate
language including the translation of both the PNi&ional Pledge and the singing of the
Country’s National Anthem
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Instrument

The main research instrument used in this resear¢he modified version of the
Schedule for Early Number Assessm@&iENA) taken from the Australian school text
Count Me in Toaused in the NSW schools (NSW DET, 2002) Though itistrument
initially had 8 different numerical tasks, only # these are used to compare the
performances of children from all 3 schools Thesmerical tasks are namelyprward
number word sequence (FNWS), Backward number wegdesice (BNWS), Subitising,
Counting, Addition, Subtractiorand Multiplication/division with each numerical task
having at most 3 separate interview tasks givingtal of 15 interview tasks for each
participant (see Table 2)

Procedure

The main data-collection method involved interviegvieach individual child on each
of the 7 numerical tasks by the author, who is alsluent native Kate-speaker, firstly in
Kate and then later in English Responses on eatheol5 interview tasks for the 7
numerical tasks were recorded individually Witk #xception of the children in E1 class
from School C where all interviews were conductety an English, all children in both
Schools A and B were interviewed individually fiysin Kate followed by English with
each child also responding in the same languager dod each of the 7 numerical tasks
The author also made observation notes on thedygeunting strategies that each child
used in arriving at a particular answer or respahgéng each interview session for each
numerical task, noting if each child used the ghaimental calculation (MC), finger
counting (FC), or verbal counting (VC)

In order to answer the main research questiondstsdier, each question or interview
task under each of the 7 numerical tasks (see Tgbkere given a score of one (1) hence
the highest number of possible correct responsgstth student participant was expected
to score is 15 or 100% performance rate Thahis,ctoser a student’s score is to 15 the
higher is the participant’s overall performance d&r7 numerical tasks On the other hand
the highest possible total score for School A and B55 (i e 15x17 students) or 100%
performance rate, whereas for School C it is 2#) ({5x18 students) In other words, the
closer it is to highest possible scores of eittds @ 270 for each participating school, the
higher is the performance rate for each school

Results and Discussion

An analysis of children’s overall mean performang¢ese Table 2) for all seven
numerical tasks in English indicate that thereassignificant difference between each of
the three schools This result is supported byahe-way ANOVA test withp-value
greater than 0 05 and the post-hoc Scheffe testatetl that there was no significant
difference between each of the three means THsigltrés also supported by overall
performances of each school where School A sca2éal (184/255), School B scored 71%
(181/255), and School C scored 72% (194/270)

In terms of paired data comparison between comb8wubols A and B against School
C (i e Kate versus Pidgin-English), there is alscsignificant difference between the two
overall means of 71 6% and 71 9% respectively fhdaased only on one set of data, it is
however reasonable to say that at least for thiogdren learning early number knowledge
in Kate language using its counting system (Schdoland B) are not in any way
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disadvantaged in learning the formal English ar&lim strategies normally taught in
schools when compared to School C children nothtungKate

Table 2
Total School Performances for Numerical Tasks itekéind English

No Strategies FNWS BNWS Subitise Count Add SubtracMultiply Overall
Language KT |EN| KT | EN| KT |EN| KT |EN | KT | EN| KT | EN| KT | EN| KT | EN
No of Sub
Tasks 3 3 2 2 1 1 3 3 2 2 3 3 1 1 15 | 15
Sch A (n=17) 49| 48 19 18 16 1p 45 44 19 A48 29 |291 |111 | 188| 184
Sch A% 96| 94| 56/ 53 94 94 88 86 56 53 57 |57 |65 |654 |772
Sch B (n=17) 37] 39 20 23 14 16 48 49 22 P1 25 |25 78 | 173| 181
Sch B % 73| 76| 59 6 82 94 94 96 65 62 49 49 |50 |578 |671
SchC(n=18) | NA | 49 | NA | 25 | NA | 16 | NA | 48 [ NA | 24 | NA | 21 | NA | 11 | NA | 194
SchC% NA |91 [ NA | 69 | NA | 89 |NA |89 |NA | 67 |[NA|39 | NA|BL|NA | 72
Overall % 84 | 87| 57| 63| 88| 92| 91 | 90| 60 | 60| 53 | 48| 57 | 61| 71 72
Note: FNWS = Forward Number Word Sequence BNWS = BaoctwWwaumber Word Sequence

KT = Kéate EN = English NA = Not applicable

Comparing the performances of each E1 class owithdil numerical tasks in English
(see Table 2), School A performed better than tinerotwo schools in FNWS (94%),
Subtraction (57%) and Multiplication/Division tas{@5%) While both Schools A and B
had the same performance level, both higher thaww@cC, on the Subitising tasks (94%),
School B performed better than the other two schoal the counting tasks scoring 96%
On the other hand School C performed better tharother two schools on BNWS (69%)
and Addition (67%) It is significant to note thah average all three schools did not
perform well above the 60% mark on the subtractasks with each school scoring 57%,
49% and 39% respectively compared to their perfogea on the other numerical tasks
This result in many ways is not surprising since thajority of the everyday counting
tasks of the Kate people mainly involve counting amdition tasks rather than the
subtraction tasks hence supporting the claim byvBraCollins, and Duguid (1989, p 32)
that, “knowledge is situated, being in part a paidef the activity, context, and culture in
which it is developed and used ”

Since this is the first of a series of an ongoioggitudinal research project that will
further verify the above result, it is however imgamt to note that it provides information
that has significant teaching implications for neattatics education in PNG in terms of
children’s acquisition of mathematical knowledgéaTis, the result somewhat challenges
the current dominant psychology of mathematicsniegrthat uses the analysis of steps
provided by the structure of mathematics in develgphe many mathematics curriculum
dominated by the view that mathematical knowledgmdependent of any culture and its
value system (Brown, Collins, & Duguid, 1989; Pa@Q00; Bishop, 2004) As an
alternative to the current culture of mathematiearriing, Brown, Collins, & Duguid
(1989) propose a cognitive apprenticeship that bothe situated nature of knowledge
Hence they further argue that “many methods of dideeducation assume a separation
between knowing and doing, treating knowledge amteygral, self-sufficient substance,
theoretically independent of the situations in vhids learned and used” (p 32)

An analysis of the-test results performed on the paired data sangsl@dch of the
children from both School A and School B (see T&)leeveals a high correlation between
children’s performances on each of the 21 intenvigsks for the 7 numerical tasks in Kate
and English The result basically indicates stramtptionships between children’s
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performances in Kate and English in that if a clp&iforms well in Kate there is a good
chance that she/he is most likely to also perforeil wa English In the context of
mathematics teaching, the result is significarthit it supports that students who learn in
their vernacular will perform the basic arithmegtcategies well in English

Table 3
Paired Sample Correlation of Children’s Performaadetween Kate and English
School N Correlation Significance
A 17 0992 000
B 17 0921 0 00
Conclusion

Though the research results reported here areelinid only 3 elementary schools in
the Kate-speaking language area of Morobe Prowvaamne specific time and hence it is
not conclusive, the results are significant in tiaty provide support for the value of local
vernacular languages and the Indigenous countirsgesys in teaching early number
strategies in elementary schools in Papua New @uiReis is contrary to the popular view
held by many parents in Papua New Guinea Whilgptakminary discussion in this paper
suggests why students will satisfactorily learn lighg arithmetic strategies, further
research is needed to confirm this and to findhamwt teachers can best use the vernacular
counting systems to improve their teaching of angtic strategies in English
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